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Summary 
Brominated flame retardants (BFRs) are used at relatively high concentrations in various 
materials and polymers.Their use has expanded considerably during the last three decades. 
The annual global demand was estimated to 200 000 tons in 1999. The most frequently used 
brominated flame retardants (BFRs) are tetrabromobisphenol-A (TBBP-A), 
hexabromocyclododecane (HBCD) and polybrominated diphenylethers (PBDEs).  
 
On behalf of the Ministry of Agriculture, Nature Management and Food Quality (LNV) a 
monitoring programme has been started in 2003, as part of the Programme nr. 378, ‘Guarding 
the Quality of Dutch Agricultural, Horticultural and Fishery Products’. The programme included a 
survey of BFRs in Dutch freshwater and marine fish, and shellfish. The results of this survey are 
presented in this report. 
 
The highest BDE concentrations were found in eel from the river Rhine delta (Annex 2). BDE 
concentrations in the river Meuse were much lower than in the Rhine. The penta-mix related 
BDEs 47, 99 and 100 are the main contributors to the ΣBDE. In herring, flounder and eel 
BDE49 can contribute substantially to the ΣBDE, too. The dominant congener in fish and 
shellfish samples is BDE47, followed by BDE99. In eel BDE100 is higher than BDE99. 
 
HBCD was found in yellow eel and a number of other fishes. α-HBCD was the prevalent 
congener in most fish samples, TBBP-A and Me-TBBP-A were only detected at very low 
concentrations in a few samples. 
 
The long-term exposure to BFRs via fish consumption was calculated for the Dutch population. 
The median intake of the sum of the BDE congeners was 0.18 ng/kg bw/day, whereas 2.5% of 
the Dutch population had a total BFR intake above 3.96 ng/kg bw/day via fish consumption 
only. Herring is the main contributor of all fish and shellfish species studied to the BFR intake. 
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1. Introduction 
Flame retardants constitute a diverse group of compounds that are added to materials in order 
to reduce, delay or even prevent them from catching fire. A substantial part of flame retardants 
consists of brominated compounds. The most frequently used brominated flame retardants 
(BFRs) are tetrabromobisphenol-A (TBBP-A), hexabromocyclododecane (HBCD) and 
polybrominated diphenylethers (PBDEs). The BFRs are used at relatively high concentrations in 
various materials and polymers, such as polyurethane and polystyrene foams, in a wide range 
of products, such as printed circuit boards, television sets and computers and other electronic 
household equipment, cars and construction materials (Thomsen et al., 2002). The use of BFRs 
has expanded considerably during the last three decades. The annual global demand was 
estimated to 150.000 tons in 1992 (WHO, 1997) and 200.000 tons in 1999 (BSEF, 2001).  
 
PBDEs are produced in The Netherlands (Broomchemie, Terneuzen), United Kingdom, the USA 
and Japan (de Boer et al., 2000). The most important products are the penta-, octa- and deca-
BDE formulations. The penta-mix consists mainly of tetra- and penta-BDEs, the octa-mix of 
hepta- and octa-BDEs and the deca-mix of 97% deca-BDE (de Boer et al., 2001). The use of 
PentaBDE and OctaBDE technical products in all applications for the EU market is officially 
banned since August 2004 (PentaBDE production being already voluntarily terminated in the 
European Union during the last 10 years) (www.BSEF.com). HBCD is mainly used as additive in 
insulation materials such as polystyrene and TBBP-A in circuit boards where it is covalently 
bound to the epoxy resin (WHO, 1995). The production volumes are: TBBP-A and derivatives: 
120.000 tons/year, penta- octa- and deca BDE: 8.500, 3.800 and 55.000 tons/year, 
respectively and HBCD: 16.000 tons/year (Bergman et al., 2001)information obtained from 
www.BSEF.com in 2001).  
 
The BFRs can be released into the environment during production, use and especially from 
disposal of the flame retarded products. Due to their lipophilicity and persistence numerous 
BFRs are present in biota. Several of the PBDEs have shown potential for biomagnification in 
the food chain. The main route for exposure of the European general human population to 
PBDEs, especially to the lower brominated congeners, is through the diet. Estimates of median 
exposures in the UK indicate diet and inhalation to contribute 93 and 7 %, respectively (Harrad 
et al., 2004). PBDEs have been found in human blood (Sjodin et al., 2001; Thomsen et al., 
2001; Sjodin et al., 2003), adipose tissue (Stanley et al., 1991; Haglund et al., 1997) and 
breast milk (Ryan et al., 2001), and TBBP-A has been found in blood samples (Thomsen et al., 
2001).  
Time trend monitoring and base line studies are very useful to study pollution problems and 
exposure of humans.  
 
On behalf of the Department of Agriculture, Nature and Food Quality (LNV) a monitoring 
programme has been started in 2003, as part of the Programme nr. 378, ‘Guarding the Quality 
of Dutch Agricultural, Horticultural and Fishery Products’, to measure organic micro pollutants 
and metals in Dutch fishery products. Within the framework of this programme a literature study 
on contaminants in fish and fishery products (Hoogenboom et al., 2003) and a baseline study 
on brominated flame retardants in fish and fishery products was performed. The results of the 
baseline study are described in this report. 
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2. Materials and methods 
2.1 Sampling and sample preparation 
The sample scheme (Table 1) is comparable with that of the Full-scan study on chlorinated 
dioxins, furans and PCBs in fish and fishery products (Leonards et al., 2000). Fish species 
analysed originated from Dutch waters or are regularly consumed by the Dutch population. Eel 
has also been sampled from two reference locations, not directly connected to the Rhine or 
Meuse, to measure baseline concentrations. Two popular farmed fish species, eel and salmon, 
have been included. Also, two samples of flounder were obtained from the Western Scheldt to 
monitor the effects of the utilization of PBDEs in the textile industry in Antwerp and further 
upstream the river Scheldt and the production of BFRs (by the chemical industry) in Terneuzen. 
 
Table 1. Sample overview 
Species Location Total number of 
samples   
Shrimps Rijnmond, Wadden Sea 2 
Herring CNS*, SNS**, Shetlands, The Channel 4 
Cod CNS, SNS 2 
Coalfish CNS, NNS*** 2 
Mackerel North Sea, south-west of Ireland, Shetlands 3 
Blue Mussels Eastern Scheldt, Western Wadden Sea, Eastern Wadden Sea 3 
Eel (cultivated) Fish wholesale trade 2 
Eel (wild)**** Nieuwe Merwede, Haringvliet-West and East, Rhine, Lobith, 
IJssel Lake,  Medemblik, Hollands Diep, IJssel, Deventer, 
Ketel lake, Meuse, Eijsden, Meuse, Keizersveer, Roer,  
Vlodrop. Noordhollands kanaal, Akersloot, Pr. Margrietkanaal, 
Suawoude, Waal, Tiel. 
14 
Flounder Western Scheldt 2 
Haddock CNS, NNS 2 
Plaice CNS, SNS 2 
Pike-perch Hollands Diep, IJssel Lake  2 
Sole CNS, SNS 2 
Salmon 
(cultivated) 
Wholesale trade 2 
 Total number of samples   44 
* Central North Sea 
** Southern North Sea 
*** Northern North Sea 
**** Analysed within the Monitoring program for game fisheries. 
 
The majority of locations was sampled between September and December 2003, except for 
the eel samples, which have been taken in May and June 2003 within the framework of the 
monitoring programme for Dutch game fisheries (Pieters et al., 2004). Sea fish was mostly 
sampled during surveys of the research vessel Tridens. Remaining samples were obtained 
directly from fishermen, from the auction or from wholesale traders. Eel (mostly 30 – 40 cm) 
was caught by electric fishery.  Farmed eels were only available in greater length. Sampling 
data are given in Annex 1. 
Fish samples have been classified according to five origins. These sample categories are listed 
in Table 2. 
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Table 2. Sample categories. 
Category Source area Species 
   
1 Wadden Sea / Eastern Scheldt 
/Rijnmond 
Mussels / Shrimps 
2a North Sea / Atlantic:Low lipid Cod / Sole / Coalfish / Plaice / Haddock 
North Sea / Atlantic High lipid Herring / Mackerel  2b 
3 Western Scheldt Flounder 
4 Dutch freshwater Eel / Pike-perch 
5 Farmed Salmon / Eel 
 
After transportation to RIVO, lengths and weights of the individual fishes were measured. 
Subsequently, fishes were filleted and equal amounts of filet per fish were pooled. The pooled 
samples were homogenized in a Waring Blender. The sample for mussels was obtained by 
taking the meat out of the shells (100 g mussel meat was pooled), and a pooled shrimps 
sample was prepared from ca 500 g unpeeled and uncooked whole organisms. 
 
2.2  Analytical methods 
The concentrations of BFRs (BDE congeners 28, 47, 49, 66, 71, 75, 77, 85, 99, 100, 119, 
138, 154+ brominated biphenyl (BB)153, 183, 190 and 209; HBCD and TBBP-A) were 
determined according to RIVO method ISW A102. The samples were Soxhlet extracted with 
hexane / acetone (3:1). After sulfuric acid treatment, co-extracted fat and contaminants were 
separated by gel permeation chromatography. The BFRs were separated from other 
contaminants by silica column chromatography and the target fraction was treated with 
concentrated sulphuric acid prior to GC-NCI-MS analysis (de Boer et al., 2001).  
 
HBCD was analyzed by both GC-NCI-MS as by a LC-ESI-MS method. With the latter method the 
HBCD diastereomers (α-, β- and γ-HBCD) can be analyzed and detected, which therefore 
provides more information on the HBCD profile of the contamination. The GC based method has 
also the disadvantage that the mutual ratio of HBCD diastereomers changes at the high 
temperature conditions (>160°C) during the analysis in the GC oven (Covaci et al., 2003). The 
LC-ESI-MS method (Morris et al., 2004) consists of a separation in a methanol/water gradient 
on a Zorbax column using a LCQ-advantage Mass-spectrometer with a ESI (Electrospray 
ionisation interface). A complete calibration was made for each sample series because the 
standard may vary per day.  
 
Quality assurance 
The PBDE and HBCD analyses are accredited under ISO17025 lab no. L097 (see www.RvA.nl) 
and the quality is assured by the analysis of internal and external reference materials, blank and 
recovery tests, use of internal standards and by a regular participation in interlaboratory 
studies. 
The repeatability of the GC-NCI-MS method was good for all compounds (RSD <16 %). The 
relative standard deviation (RSD) of a brown trout extract measured at six different occasions 
resulted in a reproducibility (of the LC/MS determination) of 4.5% (Morris et al., 2003). 
 
The concentrations of BDE 154 reported for the fish data by RIVO may possibly be influenced 
by the co-eluting brominated biphenyl (BB) 153. However, given the low production and 
application volumes of PBBs compared to the PBDEs (Pijnenburg et al., 1995; de Boer et al., 
2000), it is unlikely that BB 153 will be found at significant concentrations in the analysed fish 
samples and will therefore presumably not add significantly to the BDE 154 signal. 
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2.3  Handling and presentation of data 
Data in this report have been clustered according to five areas. In Annex II the distribution of 
samples over the areas is given. The samples of mackerel and herring from the locations North 
Sea, Shetlands, The Channel and southwest of Ireland has been handled separately as high lipid 
fish species. Category 2 has therefore been divided in two sub-categories: high and low lipid 
fish species (see table 2) 
For each area the minimum, maximum, mean and median values have been calculated. In some 
graphs the amount of a particular contaminant is presented as a range between minimum and 
maximum value with an indication of the median value. To calculate these ranges with inclusion 
of LOD values, the halves of the detection limits (½LOD) have been used. 
 
2.4  Exposure calculation of the Dutch population via fish consumption  
The long term exposure of the Dutch population to BFRs via fish consumption was calculated 
with the BFR data reported in sections 3.1 and 3.2 and the consumption data from the Dutch 
National Food Consumption survey (DNFCS) of 1997/1998 (Anonymous, 1998; Kistemaker et 
al., 1998). The DNCSF contains files of 6250 people in the age of 1 to 90 years, who recorded 
the food they consumed during two days in a food diary. The probabilistic intake calculation 
was performed with the ‘Monte Carlo Risk Assessment’ program (MCRA 3.3-program, RIKILT-
Institute of Food Safety, Wageningen, The Netherlands (van der Voet et al., 2004). The program 
uses a statistical technique described by Nusser et al. (Nusser et al., 1996). To calculate the 
long-term intake from the recorded two days the MCRA program calculates the variation of BFR-
exposure between individuals (between persons variation). The program multiplies the products 
consumed by one person with the average BFR concentrations for that product. The intake for 
all products is summed per person. The intake was calculated for the congeners separately, for 
the sum of the BDE congeners and for the total BFRs. For the summed intake the 
concentrations of the congeners were summed per fish and then the summed intake was 
calculated. The total HBCD intake was calculated as the summed intake concentrations of the 
separate congeners. The contribution of the different fish species to the BFR intake was 
calculated for the one day consumption. All estimated intakes were adjusted for the individual’s 
body weight and expressed in ‘ng/kg bw/day’. For the values reported below the LOD two 
scenario’s were calculated; values below the LOD were assumed to be equal to ½LOD 
(scenario 1) or to zero (scenario2). 
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3. Results and discussion 
3.1 BDEs 
BDE concentrations are given in Annex 2. In Figure 1 the amounts of the sum concentrations 
(ΣBDE) of the BDEs (including BDEs 28, 47, 49, 99, 100, 138, 154+polybrominated biphenyl 
153) in each sample are depicted for the five areas. The species per areas are mentioned in 
Table 1 and in annex 1. It is clear from the data of Figure 1 that the BDE concentrations in eel 
from Dutch rivers can be very high. The BDE concentrations in eel from the sampling locations 
Nieuwe Merwede, Waal at Tiel, Hollands Diep, Roer at Vlodrop and the Rhine at Lobith are the 
highest values measured (Annex 2). Except for the river Roer, these locations are all situated in 
the river Rhine basin. BDE concentrations in the river Meuse were much lower than in the river 
Rhine. 
 
 
0.1
1
10
100
1000
0 1 2 3 4 5
µg
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w
w
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Figure 1. ΣBDEs concentrations in fish per area (μg/kg ww). The X-axis numbers 1 to 5 
represent the catching areas 1. Wadden See/Eastern Scheldt/Rijnmond, 2. North Sea/Atlantic 
low and high lipid, 3. Western Scheldt, 4. Dutch freshwater (eel) and 5. Farmed, respectively. 
The values reported below the LOD are assumed to be equal to ½LOD. 
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Table 3: Median values and min - max of selected BDE compounds (µg/kg ww). The 
values reported below the LOD are assumed to be equal to ½LOD. 
Category / Origin BDE47 BDE99 
M
ed
ia
n 
M
ed
ia
n 
M
ax
 
M
ax
 
M
in
 
M
in
 
 
1 Wadden See/Eastern 
Scheldt/Rijnmond 0.05 0.7 0.1 0.05 0.8 0.05 
2a North Sea/Atlantic, low lipid 0.005 0.4 0.06 0.01 0.05 0.05 
2b North Sea/Atlantic, high lipid 0.4 3.8 1.8 0.05 0.9 0.7 
3 Western Scheldt 4.4 11 7.7 0.3 1.0 0.65 
4 Dutch freshwater 0.3 81 12 0.01 3.7 0.58 
5 Farmed fish 0.05 1.6 1.2 0.05 0.7 0.25 
       
 
 
 BDE100 *Sum BDEs 
M
ed
ia
n 
M
ed
ia
n 
M
ax
 
M
ax
 
M
in
 
M
in
 
 
1 Wadden See/Eastern 
Scheldt/Rijnmond 0.05 0.05 0.05 0.0 2.4 0.5 
2a North Sea/Atlantic, low lipid 0.01 0.4 0.05 0.05 1.6 0.4 
2b North Sea/Atlantic, high lipid 0.1 1.2 0.5 1.0 8.2 3.4 
3 Western Scheldt 1.1 2.1 1.6 7.2 17 12 
4 Dutch freshwater 0.05 61 6.1 0.7 163 21 
5 Farmed fish 0.05 0.3 0.2 0.0 3.8 2.1 
* Sum of BDE28, 47, 49, 99, 100, 138, 154+BB153 
 
Table 3 shows the minimum, maximum and median values of ΣBDE, BDEs 47, 99 and 100 for 
each location. The concentrations of the BDEs 47, 99 and 100 were almost a factor 10 higher 
in herring and mackerel (category 2b fishes) compared to lean sea fish (cat 2a fish). Flounder 
from the Western Scheldt (cat 3) had relatively high BDE99 concentrations, whereas the 
BDE100 concentration was relatively high in eel from the Dutch freshwaters (cat. 4). In 
comparison to trout from the Baltic Sea and the Great Lakes BDE concentrations in fish from 
the Netherlands are lower (data not shown). 
 
Figure 2In  the relative contributions of individual BDE congeners to the ΣBDE concentration for 
several areas, including some literature data, have been depicted. The predominant congener 
in biota samples is BDE 47, followed by BDE 99. In most of the eel samples BDE 99 was not 
detected (see Annex 3), whereas it was found in the other fish. The small contribution in Figure 
2 for BDE 99 in eel is mainly caused by the <LOD values which have been included in the 
calculation as ½LOD. In mussels and shrimps, BDE 100 was not detected (Annex 3). In flounder 
from the Western Scheldt BDE 100 is higher than BDE 99. Probably, this is related to specific 
contamination patterns the Western Scheldt.  
 
De Boer et al (1993) have reported BDE concentrations over the period before 1992. By 
comparison of these data (Annex 5) with the current data (Table 3) conclusions can be made on 
changes in BDE concentrations since the early 1990s. In mussels and shrimps (cat 1) and in  
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sea fish (cat 2a) changes of BDE concentrations during the last decade could hardly be 
observed. In fatty sea fish (herring/mackerel, cat 2b), however, BDE 47 concentrations have 
decreased by a factor 2. In eel maximum BDE 47 values were much lower in 2003 than in the 
period before 1992. This is confirmed in Figure 3 which shows a decrease of BDE 47 in eel 
from the Rhine over the period 1984-2004. 
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Figure 2. Percentual contributions of BDE congeners for fish species and area, including some 
literature data from the Baltic Sea (Asplund et al., 1999) and the Great Lakes (Luross et al., 
2002).  <LOD values have been included as ½LOD. 
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Figure 3. Temporal trends of BDEs 47 and 99 in eel from the Rhine (nd = not detected, dl = 
<LOD). 
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3.2 HBCD 
HBCD consists of three diastereomers, α-, β- and γ-HBCD. HBCD is determined by two 
independent analytical techniques: the three diastereomers, α-, β- and γ-HBCD are determined 
by LC-ESI-MS and the total-HBCD (without separation of the diastereomers) by GC-NCI-MS. The 
results (Annex 4) show that for the marine fish, farmed fish, shrimps and shellfish, the results 
are very similar. Often the contaminant was not detected. Concerning the herring samples, 
some differences are found between the two methods. Concerning the eel samples, differences 
between the methods can be considerable (up to a factor 4), with the GC-based result (total-
HBCD) being higher compared to the sum of α-, β- and γ-HBCD. Although these differences 
cannot completely be explained by the disadvantages of the GC-method (see paragraph 2.2), it 
is believed that the LC method provides the most accurate result. 
 
Figure 4. In The concentrations of α-, β- and γ-HBCD in fish from three origins is shown in Figure 
5 the minimum, maximum and median concentrations are shown (of ΣHBCD). High 
concentrations of HBCD were found in eel from Dutch rivers, whereas much lower 
concentrations were found in marine fish, mussels and shrimps. In eel samples, α-HBCD was 
the predominant diastereomer followed by γ- and β-HBCD (Figure 4 and Figure 6). In all other 
fish samples, β-HBCD was not found (<LOD). 
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Figure 4. α-, β- and γ-HBCD in fish per area in μg/kg ww. <LOD values are not shown. The X-
axis numbers  represent the catching areas 2. North Sea/Atlantic low and high lipid, 3. Western 
Scheldt and 4. Dutch freshwater (eel), respectively. Concentrations at other locations were 
mostly <LOD. 
 
 
 
 
Report C011/06 Page 13 of 20  
 
 
 
0.01
0.1
1
10
100
1 2a 2b 3 4 5
µg
/k
g 
w
w
Min
Max
Median
 
Figure 5. Minimum, maximum and median values of ΣHBCD (α-, β- and γ-HBCD) in selected fish 
species from five areas. The X-axis numbers 1 to 5 represent the catching areas 1. Wadden 
See/Eastern Scheldt/Rijnmond, 2a. North Sea/Atlantic low lipid, 2b. North Sea/Atlantic high 
lipid 3. Western Scheldt, 4. Dutch freshwater (eel) and 5. Farmed, respectively. The values 
reported below the LOD are assumed to be equal to ½LOD. 
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Figure 6. Profile of α-, β- and γ-HBCD in eel and sediment from the river Rhine at Lobith and a 
technical HBCD product.  
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Figure 6 shows that different HBCD profiles were observed in eel, sediment and a technical 
product of HBCD. In sediments and technical HBCD products γ-HBCD is the highest in 
concentration, whereas this diastereomer is almost absent in eel. Sediments and technical 
HBCD mixtures exhibit only low contents of α-HBCD in comparison to β- and γ-HBCD. However 
in fish tissues, α-HBCD is the major congener (de Boer et al., 2002; Morris et al., 2004). The 
processes causing this change in isomer composition are presently unknown. Selective 
accumulation is the most likely explanation, but other options cannot be excluded. 
 
3.3  TBBP-A and me-TBBP-A 
TBBP-A and me-TBBP-A have been analysed in all samples. In nearly all samples TBBP-A was 
below the LOD. Me-TBBP-A was detected in some marine fish, shellfish and farmed fish samples 
but at concentrations close to the LOD. In eel and pike-perch samples the me-TBBP-A 
concentrations range from 0.005 to 1.4 μg/kg ww, which is lower than the BDE and HBCD 
concentrations. The low concentrations of TBBP-A can be explained by it’s relatively low Log Kow 
value of 4.5-5.3 (WHO, 1995). Furthermore, TBBP-A is often applied as flame retardant in circuit 
boards. In this application, TBBP-A is covalently bound to the epoxy resin (WHO, 1995) and 
therefore, leaching into the environment during the life-time cycle of the product is less likely.  
  
3.4  Exposure of the Dutch population to BFR 
The long-term exposure to BFRs via fish consumption was calculated for the Dutch population. 
Two scenario’s were calculated; values below the LOD were assumed to be equal to ½LOD 
(scenario 1) or to zero (scenario 2). The median intake of total BFRs measured in this study was 
0.36 ng/kg bw/day for scenario 1 and 0.22 ng/kg bw/day for scenario 2. With scenario 2 only 
the BDEs 47, 100 and 138 had positive median intakes. All intake levels are shown in Table 4. 
The median intake of the sum of the BDE congeners was 0.18 ng/kg bw/day with scenario 1 
and 0.13 ng/kg bw/day with scenario 2. Of the Dutch population 2.5% had a total BFR intake 
above 3.96 ng/kg bw/day with scenario 1 and above 2.17 ng/kg bw/day with scenario 2. 
These calculated BFR intakes are based on fish consumption only. The calculations are based 
on the total population, including both fish consumers and non-fish consumers. 
For some congeners the intake of the p97.5 is higher with scenario 2 than with scenario 1. 
Intuitively one would expect higher levels when concentrations below LOD are replaced by 
½LOD than when they are replaced by zero. The data in Table 4 shows that this is indeed true 
for the median value (p50). Usually this is also true for the other intake percentiles; however the 
fact that for some BDE congeners the intake of the p97.5 was lower with the scenario 1 can be 
explained as an effect of parametrical modelling. With parametrical modelling in the long-term 
intake situation two variation components, between and within individual variation, are estimated 
to calculate an intake distribution. The variation components are influenced by the number of 
positive intakes. These numbers of positive intakes differ between the scenarios with imputed 
values ½LOD or zero. 
The contribution of the different fish species to the intake of the most consumed BFRs and the 
total BFR intake is showed in . Herring contributed overall the most to BFR intake.  Figure 7
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Figure 7. Relative contribution of the different fish species to the BFR intake (scenario 1). 
 
Table 4. Exposure of the Dutch population to BFRs (calculations are based on total 
population, including both fish consumers and non-fish consumers) 
 BFR intake (ng/kg bw/day) 
 Scenario 1 Scenario 2* **
P P P PBFR 50 97.5 50 97.5
0.01 0.07 0.00 0.07 BDE28 
0.05 0.53 0.05 0.54 BDE47 
0.02 0.31 0.00 0.39 BDE49 
0.00 0.05 0.00 0.03 BDE66 
0.00 0.03 0.00 0.00 BDE71 
0.01 0.05 0.00 0.01 BDE75 
0.00 0.03 0.00 0.02 BDE77 
0.00 0.04 0.00 0.03 BDE85 
0.01 0.20 0.00 0.23 BDE99 
0.01 0.19 0.01 0.21 BDE100 
0.00 0.04 0.00 0.03 BDE119 
0.01 0.09 0.01 0.09 BDE138 
BDE154 + 
BB153 
0.01 0.05 0.00 0.04 
0.00 0.03 0.00 0.00 BDE183 
0.01 0.09 0.00 0.04 BDE209 
     
0.18 1.79 0.13 1.39 sum BDE 
     
0.01 0.28 0.00 0.34 α-HBCD 
0.01 0.10 0.00 0.00 β-HBCD 
0.02 0.24 0.00 0.15 γ-HBCD 
0.05 0.62 0.00 0.49 sum HBCD 
     
0.05 0.51 0.00 0.03 TBBP-A 
0.01 0.03 0.00 0.02 Me-TBBPA 
     
0.36 3.39 0.22 2.16 Total BFRs 
*Scenario 1: Values below the LOD are assumed to be equal to ½LOD. 
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**Scenario 2: Values below the LOD are assumed to be equal to zero. 
 
www.RIVM.nl/FIREWithin the framework of the FIRE project ( ) exposure assessment studies are 
currently carried out for The Netherlands, Czech Republic and Norway. Results of these studies 
are expected to become available by the end of 2006. 
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4. Conclusions 
The highest concentrations of PBDEs have been observed in eel from Dutch inland waters and 
fatty marine fish (herring, mackerel) from the North Sea and the Atlantic. 
In fish species with high lipid weight and consequently relatively high concentrations of BDEs 
(fatty sea fish and eel), a decrease of ca 50% in BDE concentrations has occurred during the 
last decade. 
 
HBCD was found in yellow eel and in a number of other fishes. γ-HBCD was the prevalent 
congener in most fish samples, whereas γ-HBCD is normally the highest in sediments. Until now 
it is unclear why γ-HBCD which is also the dominant congener in the technical HBCD mixture is 
not the highest in concentration in fish. 
 
Me-TBBP-A was only detected at very low concentrations. TBBP-A was not found. 
The BDE congener 47 contributed most to the BDE intake. Herring was the most important 
contributor to the BFR intake. It should be noted that the exposure calculated in this study was 
solely based on the BFR data in fish as reported in this study. Other studies showed that more 
foods like meat, milk and vegetable oils are contaminated with BFRs. Calculations based on 
PBDE concentrations recently measured in the total diet and in the fish reported in this study, 
showed a contribution of 13% of fish to the PBDE intake (De Mul et al., 2005). This is a lower 
contribution of fish than reported in a Dutch study in 2003, which reported a contribution of 
35% to the intake of PBDEs (De Winter-Sorkina et al., 2003).   
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5. Recommendations 
It is recommended to monitor polybrominated flame retardants (PBDEs, HBCD and me-TBBP-A) 
on an annual basis in fish and fishery products from inland waters in the Netherlands, as well as 
in fish products from selected fishing grounds in the North Sea and adjacent waters in the 
Atlantic. It is also recommended to carry out a baseline study on concentrations of BFRs in 
imported fishery products in the Netherlands. 
Furthermore, alternative flame retardants are continuously developed by BFR producing 
industries. This process should critically be followed critically in order to determine if the new 
alternatives are less harmful to humans (bioaccumulation and toxicity) compared to the 
currently used compounds. 
 
BDE209 (deca-BDE) has only a limited bioaccumulation potential. However, deca-BDE can 
decompose under certain photolytic conditions resulting in nona-and lower brominated BDEs 
(Söderstrom et al., 2004). With the continued use of deca-BDE, and the relatively high deca-
BDE concentrations in Dutch sediments (de Boer et al., 2003; Zegers et al., 2003), a possible 
problem could come up if deca-BDE would (partly) decompose in the aquatic environment. This 
concern calls for monitoring of possible decomposition products of deca-BDE such as nona- 
and octa-BDEs. A risk-assessment of the BFR intake is expected from the European FIRE 
project that will be completed by the end of 2006. 
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Annex  1a. Sample data 
LIMS-
nr. 
Sample 
species Catching area Coordinates Sample date Number Weight Length 
            Min Mean Max Min Mean Max 
 Cat 1 WS/ES/Rijnmond          
1085 Mussels Easter Scheldt   Ca 500 g1 - - - - - - 
1086 Mussels Western Wadden Sea   Ca 500 g - - - - - - 
1087 Mussels Eastern Wadden Sea   Ca 500 g - - - - - - 
1055 Shrimps Rijnmond   Ca 500 g2 - - - - - - 
1056 Shrimps Wadden Sea   Ca 500 g - - - - - - 
 Cat 2 North Sea/Atlantic          
1068 Cod Central North Sea 54°00'NB-03°30'OL 28-10-2003 23 588 1564 2444 40.5 53.3 63.5 
1070 Cod Southern North Sea 52°30'NB 04°18'OL 7-11-2003 22 794 1457 2343 40.8 51.6 63.8 
1107 Haddock Central North Sea 54°00'NB 03°30'OL 10-11-2003 25 331 401 550 34.8 36.8 40.2 
1109 Haddock Northern North Sea 60°30'NB 01°28'WL 18-6-2003 25 223 366 590 29.0 33.2 40.0 
1076 Coalfish Central North Sea 56°48'NB 00°01'OL 26-8-2003 20 588 816 1209 40.5 44.5 49.0 
1078 Coalfish Northern North Sea 60°49'NB 00°01'WL 20-6-2003 23 578 885 1631 42.0 46.1 57.0 
1111 Plaice Central North Sea 55°00'NB 05°30'OL 15-9-2003 25 247 443 814 29.3 35.5 43.4 
1113 Plaice Southern North Sea 51°50'NB 03°20'OL 7-11-2003 25 334 481 713 32.0 36.0 42.0 
1119 Sole Central North Sea 55°00'NB 05°30'OL 15-9-2003 20 167 230 301 27.0 29.5 31.8 
1121 Sole Southern North Sea 52°30'NB 04°15'OL 19-9-2003 24 122 298 554 24.0 31.1 37.5 
1058 Herring Central North Sea 57°00'NB 00°41'WL 26-8-2003 25 69 99 148 20.0 22.1 25.0 
1060 Herring Southern North Sea 55°46'NB 00°27'WL 26-8-2003 25 61 136 224 20.0 24.0 28.0 
1064 Herring Shetlands 59°55'NB 01°49'WL 2-6-2003 25 94 105 120 22.0 22.7 24.0 
1066 Herring The Channel 52°17'NB 02°51'OL 24-10-2003 25 104 162 241 22.5 25.5 28.5 
1080 Mackerel North Sea 56°48'NB 00°01'OL 26-8-2003 24 252 357 632 30.5 33.3 41.0 
1082 Mackerel South-west of Ireland 52°42'NB 11°00'WL 22-8-2003 25 243 385 543 30.5 36.3 41.5 
1084 Mackerel Shetlands 60°52'NB 01°01'OL 18-6-2003 25 167 329 486 29.0 34.9 41.5 
 Cat 3 Western Scheldt          
1052 Flounder Terneuzen  8-9-2003 25 92 139.6 224 20.0 23 27.5 
1054 Flounder Western Scheldt  25-9-2003 18 87 178.9 401 20.0 23.9 32.5 
            
1Pooled sample of 500 g mussels, resulting in ca 100 g meat after removal from the shells  
2Pooled sample of 500 g uncooked and unpeeled shrimps 
Annex  1b. Sample data, continued 
LIMS-nr. 
Sample 
species Catching area Coordinates Sample date Number Weight Length 
            Min Mean Max Min Mean Max 
 Cat 4 Dutch freshwater          
1406 Eel Haringvliet-Oost  12-6-2003 25 49 109.6 168 30 36.6 40 
1408 Eel Hollands-Diep  28-5-2003 25 52 107.8 187 31 37.4 40 
1410 Eel Maas, Eijsden  21-5-2003 16 48 81.4 127 31 35.2 40 
1412 Eel Roer, Vlodrop  22-5-2003 19 64 109.9 164 33 38.2 40 
1414 Eel 
Noord-Hollands kanaal, 
Akersloot  13-6-2003 18 55 82.4 123 30.5 34.6 39 
1416 Eel Pr. Margrietkanaal, Suawoude  5-6-2003 25 44 83.4 149 30 34.6 39 
1418 Eel Waal, Tiel  30-5-2003 24 39 95.7 159 30 35.8 40 
1420 Eel IJssel, Deventer  3-6-2003 22 48 101.3 156 31 36.7 40 
1422 Eel Ketel lake   4-6-2003 25 57 92.4 163 31 36.2 40 
1093 Eel Nieuwe Merwede   28-5-2003 25 64 96 133 31.0 35.8 39.0 
1095 Eel Maas, Keizersveer   11-6-2003 25 64 93 132 32.5 35.7 39.5 
1097 Eel Haringvliet-West   16-6-2003 25 49 110 168 30.0 36.6 40.0 
1099 Eel Rijn, Lobith   17-6-2003 16 57 97 159 31.0 36.3 40.0 
1101 Eel IJssel lake, Medemblik   12-5-2003 25 60 92 131 31.5 35.3 39.0 
1115 Pike-perch Hollands Diep   29-9-2003 20 650 956 1500 42.9 49.1 58.3 
1117 Pike-perch IJssel lake   1-10-2003 25 743 1096 1814 45.8 50.6 59.5 
 Cat 5 Farmed          
1123 Salmon Fishtrade Norway   12-9-2003 9 2360 2678 2989 62.0 66.8 70.0 
1125 Salmon Fishtrade Schotland  12-9-2003 7 3128 3492.9 4107 69.5 72.2 75.5 
1089 Eel Italian Fish Farm   9-10-2003 20 236 297 342 47.0 53.2 59.0 
1091 Eel Dutch Fish Farm   9-10-2003 20 174 222 322 41.5 46.5 54.0 
            
 
 
 
Annex  2a. Concentrations of BDEs in µg/kg ww in fish and fishery products from five selected areas  
Sample 
species Source area Fat (%) BDE28 BDE47 BDE49 BDE66 BDE71 BDE75 BDE77 BDE85 
           
Cat 1 WS/ES/Rijnmond          
Mussels Eastern Scheldt 2.2 <0.11 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Mussels Western Wadden Sea 2.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Mussels Eastern Wadden Sea 2.3 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Shrimps Wadden Sea 2.1 <1.0 <0.1 <0.1 <0.1 <0.1 <0.3 <0.1 <0.1 
Shrimps Rijnmond 2.2 <0.1 0.7 0.3 <0.1 <0.1 <0.3 <0.1 0.1 
Cat 2 North Sea/Atlantic          
Cod Central North Sea 0.7 0.2 <0.009 0.9 <0.009 <0.008 <0.2 <0.009 0.3 
Cod Southern North Sea 0.9 <0.004 0.4 0.02 <0.002 <0.004 0.006 <0.002 <0.006 
Haddock Central North Sea 0.7 <0.005 0.06 0.008 <0.003 <0.005 <0.003 <0.003 <0.008 
Haddock Northern North Sea 0.8 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Coalfish Central North Sea 1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Coalfish Northern North Sea 1.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Plaice Central North Sea 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Plaice Southern North Sea  1.3 <0.006 0.2 0.04 <0.004 <0.006 <0.004 <0.004 <0.01 
Sole Central North Sea 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Sole Southern North Sea 1.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Herring Central North Sea 20.4 0.2 2.8 1.3 0.2 <0.1 <0.1 <0.1 <0.1 
Herring Southern North Sea 17.7 <0.1 3.2 1.7 <0.1 <0.1 <0.1 <0.1 <0.1 
Herring Shetlands 16.3 0.1 1.8 0.8 0.1 <0.1 <0.5 <0.1 <0.1 
Herring The Channel 14.3 0.2 3.8 1.8 <0.6 <0.08 <0.08 <0.09 0.09 
Mackerel North Sea 16.7 <0.1 <0.8 0.3 0.1 <0.1 <0.1 <0.1 <0.1 
Mackerel South-west of Ireland 13.1 <0.1 1 0.2 0.1 <0.1 <0.1 <0.1 <0.1 
Mackerel Shetlands 3.3 <0.1 0.6 0.1 0.1 <0.1 <0.3 <0.1 <0.1 
Cat 3 Western Scheldt          
Flounder Terneuzen 1.1 0.2 4.4 0.7 0.1 <0.1 <0.1 <0.1 <0.1 
Flounder Western Scheldt 1.7 0.3 11 1.5 0.3 <0.1 <0.1 <0.1 <0.1 
           
 
                                                 
1 LOD values can vary from sample to sample as they are based on several factors, including the sample intake prior to analysis. This intake varies among samples. 
Annex  2b. Concentrations of BDEs in µg/kg ww  in  fish and  fishery products from five selected areas, continued  
Sample 
species Catching area Fat (%) BDE28 BDE47 BDE49 BDE66 BDE71 BDE75 BDE77 BDE85 
           
Cat 4 Dutch freshwater          
Eel Haringvliet-Oost 17.2 0.6 20 2.2 <0.8 <0.1 <0.1 0.1 <0.04 
Eel Hollands-Diep 16 0.7 36 5.2 <0.1 <0.1 0.2 <0.1 <0.1 
Eel Maas, Eijsden 5.3 <1.9 <4.5 <0.6 <0.1 <0.1 0.1 <0.1 <0.1 
Eel Roer, Vlodrop 14 0.3 26 <1.5 <0.1 <0.1 0.2 <0.1 <0.1 
Eel 
Noord-Hollands kanaal, 
Akersloot 4.1 
<0.08 0.4 <0.02 <0.07 <0.07 <0.07 <0.08 <0.03 
Eel 
Pr. Margrietkanaal, 
Suawoude 15.9 
<0.08 < 7.4 <0.03 <0.08 <0.08 <0.08 <0.08 <0.03 
Eel Waal, Tiel 15.9 0.4 43 3.8 <0.1 2.1 0.9 <0.1 <0.1 
Eel IJssel, Deventer 8.7 <1.9 17 <1.0 <0.1 <0.1 0.2 <0.1 <0.1 
Eel Ketel lake  21.1 0.2 <15 <1.2 <0.1 <0.1 <0.6 <0.1 <0.1 
Eel Nieuwe Merwede 22 1.7 81 12 <0.1 <0.1 0.6 0.5 <0.1 
Eel Maas, Keizersveer 23.9 0.3 16 0.9 <0.1 <0.1 <0.6 <0.1 <0.1 
Eel Haringvliet-West 12.4 0.1 5.8 0.4 0.1 <0.1 0.1 <0.1 <0.1 
Eel Rijn, Lobith 9.8 0.2 21 <1.0 0.1 <0.1 0.2 <0.1 <0.1 
Eel IJssel lake, Medemblik 23 0.4 6.8 0.8 0.2 <0.1 <0.6 <0.1 <0.1 
Pike-perch Hollands Diep 0.9 0.02 0.5 0.1 <0.01 <0.01 <0.01 <0.01 <0.004 
Pike-perch IJssel lake 1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Cat 5 Farmed          
Salmon Fishtrade Norway 11.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Salmon Fishtrade Schotland 12.2 0.1 1.6 0.3 0.1 <0.1 <0.1 <0.1 <0.1 
Eel Italian Fish Farm 21.6 <0.08 1.1 0.1 <0.07 <0.07 <0.07 <0.08 <0.03 
Eel Dutch Fish farm 36.1 <0.09 1.3 0.1 <0.09 0.1 <0.09 <0.10 <0.03 
           
 
 
Annex  2c. Concentrations of BDEs in µg/kg ww in  fish and  fishery products from five selected areas, continued  
Sample 
species Catching area Fat (%) BDE99 BDE100 BDE119 BDE138 
BDE154 + 
BB153 BDE183 BDE190 BDE209 
           
Cat 1 WS/ES/Rijnmond          
Mussels Eastern Scheldt 2.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 
Mussels Western Wadden Sea 2.1 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 0.8 
Mussels Eastern Wadden Sea 2.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Shrimps Wadden Sea 2.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.7 
Shrimps Rijnmond 2.2 0.8 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.3 
Cat 2 North Sea/Atlantic          
Cod Central North Sea 0.7 <0.01 0.4 <0.008 0.05 <0.009 <0.002 <0.008 <0.5 
Cod Southern North Sea 0.9 <0.01 0.007 <0.002 0.009 0.01 <0.003 <0.004 0.05 
Haddock Central North Sea 0.7 0.02 0.02 <0.003 0.006 0.02 <0.004 <0.005 <0.05 
Haddock Northern North Sea 0.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 
Coalfish Central North Sea 1 <0.1 0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 
Coalfish Northern North Sea 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 
Plaice Central North Sea 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Plaice Southern North Sea 1.3 <0.02 0.05 <0.004 0.01 0.03 <0.009 <0.006 <0.07 
Sole Central North Sea 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Sole Southern North Sea 1.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Herring Central North Sea 20.4 0.9 0.8 0.1 0.9 0.2 <0.1 <0.1 <0.2 
Herring Southern North Sea 17.7 0.9 1.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.5 
Herring Shetlands 16.3 <0.5 0.5 0.1 <0.1 <0.2 <0.1 <0.1 <0.7 
Herring The Channel 14.3 0.9 1.2 0.09 0.1 0.2 <0.02 <0.08 <0.5 
Mackerel North Sea 16.7 0.7 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.3 
Mackerel South-west of Ireland 13.1 0.7 0.2 <0.1 0.6 0.2 <0.1 <0.1 1 
Mackerel Shetlands 3.3 <0.3 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.3 
Cat 3 Western Scheldt          
Flounder Terneuzen 1.1 0.3 1.1 <0.1 <0.1 0.4 <0.1 <0.1 <0.1 
Flounder Western Scheldt 1.7 1.0 2.1* <0.1 <0.1 0.7* <0.1 <0.1 0.1 
           
* Result less accurate because above the calibration curve 
Annex  2d. Concentrations of BDEs in µg/kg ww in fish and fishery products from five selected areas, continued  
Sample 
species Catching area Fat (%) BDE99 BDE100 BDE119 BDE138 
BDE154 + 
BB153 BDE183 BDE190 BDE209 
           
Cat 4 Dutch freshwater          
Eel Haringvliet-Oost 17.2 1.4 8.1 0.1 0.2 2.1 0.2 <0.1 <0.7 
Eel Hollands-Diep 16 <1.3 24 <0.1 <0.1 2.8 <0.1 <0.1 <0.4 
Eel Maas, Eijsden 5.3 <0.2 2 <0.1 <0.1 <0.2 <0.1 <0.1 <0.5 
Eel Roer, Vlodrop 14 <1.7 11 <0.1 <0.1 <0.8 <0.1 <0.1 <0.5 
Eel 
Noord-Hollands kanaal, 
Akersloot 4.1 
0.2 0.1 <0.07 <0.07 0.08 0.09 <0.07 <0.5 
Eel 
Pr. Margrietkanaal, 
Suawoude 15.9 
< 7.3 < 1.6 <0.08 1 0.1 0.1 <0.08 <4.5 
Eel Waal, Tiel 15.9 <2.6 22 <0.1 <0.1 2.3 <0.1 <0.1 <0.5 
Eel Ijssel, Deventer 8.7 <1.0 7.3 <0.1 <0.1 <0.9 <0.1 <0.1 <0.6 
Eel Ketel lake  21.1 <0.7 4.8 <0.1 <0.1 1.1 <0.1 <0.1 <0.5 
Eel Nieuwe Merwede 22 <3.2 61 <0.1 <0.1 5.7 <0.1 <0.1 <0.4 
Eel Maas, Keizersveer 23.9 <0.6 8.5 <0.1 <0.1 2.4 0.1 <0.1 <0.6 
Eel Haringvliet-West 12.4 <0.6 3.7 <0.1 <0.1 0.7 <0.1 <0.1 <1.0 
Eel Rijn, Lobith 9.8 <1.7 7.6 <0.1 <0.1 <0.9 <0.1 <0.1 <0.7 
Eel IJssel lake, Medemblik 23 0.9 1.7 0.1 <0.1 0.7 <0.1 <0.1 <0.6 
Pike-perch Hollands Diep 0.9 <0.01 0.05 <0.01 0.01 0.04 <0.003 <0.01 <0.07 
Pike-perch IJssel lake 1 0.2 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 
Cat 5 Farmed          
Salmon Fishtrade Norway 11.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Salmon Fishtrade Schotland 12.2 0.7 0.3 <0.1 0.7 0.1 <0.1 <0.1 <0.2 
Eel Italian Fish farm 21.6 0.2 0.2 0.09 0.2 0.1 <0.02 <0.07 <0.5 
Eel Dutch Fish farm 36.1 0.3 0.2 0.2 <0.09 0.2 0.2 <0.09 <0.6 
           
 
 
 
 
Annex  3a. Concentrations of ΣBDEs and the relative contribution of BDE 47, 99 and 100 of the sum of BDEs in fish and fishery products from five 
selected areas and some BDE ratios.  ΣBDE consists of BDE 28, 47, 49, 99, 100, 138 and 154 (+BB 153) 
Sample species Source area Fat ΣBDEs* Relative contribution (%) 
  (%) μg/kg ww BDE 47 BDE 99 BDE 100 
Cat 1 WS/ES/Rijnmond      
Mussels Eastern Scheldt 2.2 0.5 40 - - 
Mussels Western Wadden Sea 2.1 0.5 20 20 - 
Mussels Eastern Wadden Sea 2.3 0.4 25 - - 
Shrimps Wadden Sea 2.1 0.78 - - - 
Shrimps Rijnmond 2.2 2.4 30 34 - 
Cat 2 North Sea/Atlantic      
Cod Central North Sea 0.7 1.6 - - 26 
Cod Southern North Sea 0.9 0.45 90 - 1.6 
Haddock Central North Sea 0.7 0.14 44 15 15 
Haddock Northern North Sea 0.8 0.4 - - - 
Coalfish Central North Sea 1 0.7 29 - 14.3 
Coalfish Northern North Sea 1.1 0.5 40 - - 
Plaice Central North Sea 0.9 0.35 - - - 
Plaice Southern North Sea  1.3 0.35 58 - 15 
Sole Central North Sea 1.1 0.35 - - - 
Sole Southern North Sea 1.2 0.35 - - - 
Herring Central North Sea 20.4 7.1 39 13 11 
Herring Southern North Sea 17.7 7.2 45 13 17 
Herring Shetlands 16.3 3.4 53 - 15 
Herring The Channel 14.3 8.2 46 11 15 
Mackerel North Sea 16.7 1.7 - 41 5.9 
Mackerel South-west of Ireland 13.1 3.0 34 24 6.8 
Mackerel Shetlands 3.3 1 60 - 10 
Cat 3 Western Scheldt      
Flounder Terneuzen 1.1 7.2 62 4.2 15 
Flounder Western Scheldt 1.7 17 66 6 13 
       
* <LOD values taken as ½LOD 
** No relative contribution calculated when concentration was <LOD  
 
Annex  3b. Concentrations of ΣBDEs and the relative contribution of BDE 47, 99 and 100 of the sum of BDEs in fish and fishery products from five 
selected areas and some BDE ratios.  ΣBDE consists of BDE 28, 47, 49, 99, 100, 138 and 154 (+BB 153) 
Sample species Source area Fat ΣBDEs* Relative contribution (%) 
  (%) μg/kg ww BDE 47 BDE 99 BDE 100 
       
Cat 4 Dutch freshwater      
Eel Haringvliet-Oost 17.2 35 58 4.0 23 
Eel Hollands-Diep 16 69 52 - 35 
Eel Maas, Eijsden 5.3 58 - - 35 
Eel Roer, Vlodrop 14 39 66 - 28 
Eel Noord-Hollands kanaal, Akersloot 4.1 0.9 44 22 11 
Eel Pr. Margrietkanaal, Suawoude 15.9 9.3 - - - 
Eel Waal, Tiel 15.9 73 59 - 30 
Eel Ijssel, Deventer 8.7 27 64 - 27 
Eel Ketel lake  21.1 15 - - 33 
Eel Nieuwe Merwede 22 163 50 - 37 
Eel Maas, Keizersveer 23.9 28 56 - 30 
Eel Haringvliet-West 12.4 11 53 - 34 
Eel Rijn, Lobith 9.8 31 69 - 25 
Eel IJssel lake. Medemblik 23 11 60 7.9 15 
Pike-perch Hollands Diep 0.9 0.73 68 1.4 6.8 
Pike-perch IJssel lake 1 0.8 38 25 13 
Cat 5 Farmed      
Salmon Fishtrade Norway 11.6 0.33    
Salmon Fishtrade Schotland 12.2 3.8 42 18 7.9 
Eel Italian Fish farm 21.6 1.94 57 10 10 
Eel Dutch Fish farm 36.1 2.19 59 14 9.1 
       
* <LOD values taken as ½ LOD 
** No relative contribution calculated when concentration was <LOD  
 
 
Annex  4a. Concentrations of HBCD isomers, ΣHBCD, TBBP-A and MeTBBP-A in µg/kg ww in fish and fishery products from five selected areas and wet 
weight 
Sample 
species Catching area α-HBCD1 β-HBCD1 γ-HBCD1
 
ΣHBCD1,2
Total 
HBCD3 TBBP-A Me-TBBPA Fat (%) 
          
Cat 1 WS/ES/Rijnmond         
Mussels Easter Scheldt <0.1 <0.1 <0.2 - 0.9 <0.6 <0.1 2.2 
Mussels Western Wadden Sea nd nd nd - 0.2 nd <0.1 2.1 
Mussels Eastern Wadden Sea <0.1 <0.1 <0.2 - <0.1 <0.6 0.3 2.3 
Shrimps Wadden Sea <0.5 <0.5 <1.0 - <0.1 <2.5 <0.1 2.1 
Shrimps Rijnmond <0.5 <0.5 <0.9 - <0.1 <2.4 <0.1 2.2 
Cat 2 North Sea/Atlantic         
Cod Central North Sea <0.1 <0.1 <0.2 - <0.05 <0.4 0.04 0.7 
Cod Southern North Sea  <0.2 <0.2 <0.2 - <0.04 <0.08 <0.002 0.9 
Haddock Central North Sea  <0.2 <0.2 <0.2 - <0.05  <0.1 <0.002 0.7 
Haddock Northern North Sea <0.1 <0.1 <0.2 - <0.1 <0.4 <0.1 0.8 
Coalfish Central North Sea <0.1 <0.1 <0.2 - 0.2 <0.5 <0.1 1 
Coalfish Northern North Sea 0.2 <0.1 <0.2 0.2 <0.1 <0.5 <0.1 1.1 
Plaice Central North Sea <0.1 <0.1 <0.2 - <0.1 <0.5 <0.1 0.9 
Plaice Southern North Sea  <0.2 <0.2  <0.2 - <0.06 <0.1 <0.002  1.3 
Sole Central North Sea <0.1 <0.1 <0.2 - <0.1 <0.6 <0.1 1.1 
Sole Southern North Sea <0.1 <0.1 <0.2 - <0.1 <0.6 <0.1 1.2 
Herring Central North Sea 1 <0.8 <1.6 1 2.7 <4.1 <0.1 20.4 
Herring Southern North Sea 1.7 <0.9 1.9 3.6 <0.1 <4.9 <0.1 17.7 
Herring Shetlands 2 <0.8 <1.7 2 <1.2 <4.6 <0.1 16.3 
Herring The Channel 1.1 <0.8 <1.6 1.1 7.3 <4.1 <0.03 14.3 
Mackerel North Sea 1.7 <1.0 <2.1 1.7 2.1 1.9 <0.1 16.7 
Mackerel South-west of Ireland <0.9 <0.9 <1.9 - 2 <4.8 <0.1 13.1 
Mackerel Shetlands <0.5 <0.5 <1.1 - <0.5 <2.7 <0.1 3.3 
Cat 3 Western Scheldt         
Flounder Terneuzen 0.5 <0.1 <0.2 0.5 0.9 <0.6 <0.1 1.1 
Flounder Western Scheldt 0.3 <0.1 <0.2 0.3 1.3 0.2 <0.1 1.7 
          
1By LC-ESI-MS 
2<LOD added as ½ LOD 
3By GC-NCI-MS, for a discussion on the values determined by this technique and LC-ESI-MS, see paragraph 3.2 
Annex  4b. Concentrations of HBCD isomers, ΣHBCD, TBBP-A and MeTBBP-A in µg/kg ww in fish and fishery products from five selected areas and wet 
weight, continued. 
Sample 
species Catching area α-HBCD1 β-HBCD1 γ-HBCD1
 
Σ HBCD1,2
Total 
HBCD3 TBBP-A Me-TBBPA Fat (%) 
          
Cat 4 Dutch freshwater         
Eel Haringvliet-Oost 12 <1.0 2.5 15 70 <5.2 0.1 17.2 
Eel Hollands-Diep 35 1 8.1 44 150 <5.1 0.6 16 
Eel Maas, Eijsden 4.9 0.9 <2.0 5.8 15 <5.0 <0.1 5.3 
Eel Roer, Vlodrop 36 0.8 3 40 130 <5.2 0.3 14 
Eel 
Noord-Hollands kanaal, 
Akersloot <0.7 <0.7 <1.5 
- 
0.7 <3.8 <0.02 4.1 
Eel 
Pr. Margrietkanaal, 
Suawoude <0.8 <0.8 <1.5 
0.8 
2.5 <3.9 <0.02 15.9 
Eel Waal, Tiel 41 <0.9 8.4 49 210 <4.8 0.3 15.9 
Eel Ijssel, Deventer 36 1 4.4 41 94 <4.9 <0.1 8.7 
Eel Ketel lake  8 <1.6 2.3 10 30 <5.1 0.3 21.1 
Eel Nieuwe Merwede 35 <0.9 5.8 41 230 <4.7 1.2 22 
Eel Maas, Keizersveer 8.8 0.8 3.3 13 <0.1 <5.2 0.2 23.9 
Eel Haringvliet-West 3.7 <1.0 <2.1 3.7 21 <5.3 0.2 12.4 
Eel Rijn, Lobith 39 <0.9 8.2 47 97 <4.8 <0.1 9.8 
Eel IJssel lake, Medemblik nd nd nd - <3.4 nd 0.4 23 
Pike-perch Hollands Diep <0.1 <0.1 <0.2 - <0.06 <0.5 0.005 0.9 
Pike-perch IJssel lake <0.1 <0.1 <0.2 - <0.1 <0.6 <0.1 1 
Cat 5 Farmed         
Salmon Fishtrade Norway <0.4 <0.4 <0.9 - <0.1 <2.2 <0.1 11.6 
Salmon Fishtrade Schotland <0.5 <0.5 <1.0 - 1.3 <2.7 0.1 12.2 
Eel Italian Fish farm <0.7 <0.7 <1.4 - <0.4 <3.7 <0.02 21.6 
Eel Dutch Fish farm <0.9 <0.9 <1.8 - <0.5 <4.5 <0.03 36.1 
          
1By LC-ESI-MS 
2<LOD values are not included 
3By GC-NCI-MS, for a discussion on the values determined by this technique and LC-ESI-MS, see paragraph 3.2 
 
 
Annex 5. Historical data (1987-1992) of selected BDE compounds (median, minimum and maximum values)  
 
Median values and min - max of selected BDE compounds in the period 1987 – 1992 (De Boer and Dao, 1993) 
Category Origin Fish species           BDE47       BDE99 
   Min Max Median Min Max Median 
1 WS/ES/Rijnmond Mussels / Shrimps <0.1 1.5 0.68 <0.1 <10 5 
2 North Sea/atlantic Cod / Haddock / Plaice/ Sole / Coalfish 0.06 0.97 0.22 0.02 0.06 0.05 
2a North Sea/atlantic Herring / Mackerel  0.66 28 3.5 1.7 17 5 
3 Western Scheldt Flounder - - - - - - 
4 Dutch Freshwater Yellow Eel  <0.5 240 7 0.47 21 1.5 
5 Farmed Salmon / Eel - - - - - - 
 
 
 
 
